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IPREFACE
The Firefighters' Integrated Response Equipment System (FIRES) program was
conducted by the Advanced Development Department of the Grumman Aerospace
Corporation, under a contract jointly sponsored by the National Aeronautics and
Space Administration (NASA) and tihe United States Fire Administration (USFA) . The
program consists of three phases. Phase 1A. led to the preliminary design of a proto-
type system. Phase 1B the subject of this report consists of prototype development,
fabrication, and laboratory testing. Phase 2 will proceed through field testing and
evaluation of the prototypes, resulting in an economical, fully-acceptable ensemble
and finalized specification.
Project FIRES is a systematic approach toward the development of improved
protection for structural firefighters. The system protects against such hazards as
heat, flame, smoke, toxic fumes, moisture, impact, penetration and electricity. It
also affords improved firefighter performance through increased maneuverability,
lighter burdens, and improved human engineering designs.
This report is presented in four volumes as follows:
• Volume 1 - Program Overview and Summary
• Volume 2 - Protective Ensemble Performance Standards (PEPS)
"Goals for Firefighter Protection"
e Volume 3 - Prototype Protective Ensemble Design Development Report
• Volume 4 - Prototype Protective Ensemble Qualification Test Report
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ABSTRACT
Title:	 Project FIRES Phase 1B Final Report
Author:	 Fred J. Abeles
2
Text:
(Keywords)	 Firefighters' Protective Clothing, Turnout Gevkr, Helmets, Face-	
2
shields, Turav)ut Coats and Pants, Gloves, Boots, Garment
Testing, Advaaced-Design Garments, Prototype Protective
Garment
(Body)	 In Phase 1A overall performance requirements and evaluation
methods for firefighters protective equipment were established
and published as the Protective Ensemble Performance Standards
(PEPS).
Current firefighters protective equipment was tested and evaluated
against the PEPS requirements, and the preliminary design of a
prototype protective ensemble was performed.
In Phase 1B the design of the prototype protective ensemble was
finalized. Prototype ensembles were fabricated and then subjected
to a series of qualification tests which were based upon the PEPS
requirements.
Engineering drawings and purchase specifications were prepared
for the new protective ensemble and are incorporated in Volume 3.
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1 - SUMMARY
1.1 BACKGROUND
Always a hazardous profession, firefighting has grown more dangerous in re-
cent years. Firefighters have sustained one of the highest in-the-line-of-duty death
rates of any occupation. In 1977, there were 79 deaths per 100,000 professional fire-
fighters. In addition to the high death rate, the injury rate is almost 50 percent.
Overexertion, sprains and strains accounted for nearly a third of these injuries;
burns, falls, cuts, toxic gas and injuries incurred during building collapse, accounted
for the remainder.
In addition to the physical and psychological aspects of these injuries, the
financial costs attributable to these accidents are staggering. The reported time lost
in salaries plus associated costs, such as medical expenses, law suits, and time lost
because of related paper work, etc., result in an estimated overall annual cost to
municipal fire departments of between 10 and 20 percent of their budget.
The firefighter's primary defense against death or injury is his Life Protec-
tion System, which consists of his basic firefighting uniform, plus supplemental gear.
The present system has been in use for years and is just not adequate in many as-
pects. Aside from not affording the necessary protection, the present full-up sys-
tem is cumbersome, hot and heavy.
Steps have been taken previously by various corporations and governmental
agencies aimed at short-range improvements in the self-contained air mask, turn-out
coats, helmets and other equipment. These steps have generally proceeded indepen-
dently and have not been considered part of an integrated system; and may, in the
long run, have further complicated the problem of improving firefighter protection.
I	 PROGRAM INITIATION
The need for improved firefighters protective clothing had been expressed by
members of the fire service, as well as state and local technology transfer agents, and
the members of the President's Commission on Fire Prevention and Control (America
Burning) .
i
1Approximately one year after its formation in 1975 the United States Fire
Administration (USFA) and the National Aeronautics and Space Administration (NASA)
Technology Utilization Office entered into an interagency agreement to co-sponsor a
program for the design, development, fabrication, field test and evaluation of improved
firefighters personal protective clothing and equipment. There was, however, very
little published data or validated reports on what specific problems were causing per-
sonal ,protective clothing and equipment related injuries and deaths.
The project team (USFA and NASA) decided that the most expeditious and
efficient manner in which to identi^y problems and establish requirements was through
the utilization of a User Requirements Committee (URC).
USER RrQUIREMENTS COMMITTEE AND TECHNICAL ADVISORY GROUP
To ensure that the project was responsive to the needs of the fire service and
aware of the most recent efforts in the area of protective equipment, a User Require-
ments Committee (URC) and a Technical Advisory Group (TAG) were established.
The 1JRC membership was established by soliciting recommendations from leaders in
the fire service community so that all of the fire service community would be repre-
sented (fire chiefs, firefighters, volunteers, instructors, city managers and safety
personnel) . Selection was made to insure equal representation of the fire service as
well as taking into consideration differences in geographic locations, environmental
conditions, and different type firefighting situations. The TAG was comprised of
representatives from the numerous organizations involved in or concerned with per-
sonal safety, or equipment and materials that are related to personal safety.
A complete listing of the membership of the advisory groups is presented in
Tables 1 and 2.
PROGRAM GOALS
At an initial introductory meeting, held in early 1976 between members of the
URC, the TAG and the project team, it was agreed that an integrated approach to the
development of improved protective clothing should be taken as recommended by the
Commission in America Burning. The project was called Project FIRES (Firefighters
Integrated Response Equipment System) . The overall goal of the program was to im-
prove structural firefighter protection against hazards such as heat, flame, smoke,
toxic fumes, moisture, impact, penetration and electricity and to allow for improved
firefighter performance through increased maneuverability, lighter weight, and
1/1-2
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TABLE 1 PROJECT FIRES USER REQUIREMENTS COMMITTEE
Louis DeChine
Safety Director
Miami Fire Department
1385 West 72nd Street
Hialeah, Florida 33014
Edward Durkin
Vice President, IAFF
5606 Old Middleton Road
Madison, Wisconsin 53705
William F. Foley
Chief Fire Marshal
Fire Department Headquarters
558 West DeKoven Street
Chicago, Illinois 60607
Jack Gannon
International Vice President
Cleveland Firefighters
10301 Lake Avenue #613
Cleveland, Ohio 441.02
L. Robert Himes, Fine Chief
Forth Worth. Fire Department
1000 Throckmorton Street
Fort Worth, Texas 76102
Tracy W. Howfird, Supervisor
Budget and Ma.^agement Office
Public Safety Analysis Section
414-14 Street, Annex II
Denver, Colorado 80202
Chief Warren E. Isman
Director
Montgomery County
Department of Fite and
Rescue Services
4100 Executive Boulevard
Rockville, Maryland 20852
Jim Minx
Oklahoma City Firefighters
Local 1524, IAFF
804 N.W.  6th
Oklahoma City, Oklahoma 73106
William Moore, Chief
Oakland Fire Department
1330 Grove Street
Oakland, California 94612
William J. Patterson
Fire Chief
Fire Department
County cf Santa Barbara
Fire Administration Center
4410 Cathedral Oaks Road
Santa Barbara, California 93110
John L. Petersen
Volunteer Fire Council
49 Fast Downer Place
Suite 661
Aurora, Illinois 60505
Frank Smiley
City Manager
City of Newport New
2400 Washington Avenue
Newport News, Virginia 23607
Leo D. Stapleton
Deputy Fire Chief
Boston Fire Department
115 Southhampton Street
Boston, Massachusetts 02118
John L. Swindle, Chief
Fire Department Headquarters
1808 Seventh Avenue, South
Birmingham, Alabama 35203
John T. McLaughlin	 Ralph Travis
Battalion Chief	 IAFF, Local 112
City of New York Fire Department	 1539 Beverly Boulevard
Division of Training	 Los Angeles, California 90026
Randalls Island
New York, New York 10036 	 Jerry L. WeissingerDirector and Chief
Dayton Fire Department
300 North Main Street
Dayton, Ohio 45402
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1TABLE 2 PROJECT FIRES TECHNICAL ADVISORS
Louis Amabili
Pres . Int . Soc . of Fire Instructors
Delaware Fire Training Academy
RD-2, Box 166
Dover, Delaware 19901
Dr. Donald Campbell
NIOSH
944 Chestnut Ridge Road
Morgantown, West Virginia 26505
Edward V. Clougherty, Ph. D.
Fire Department Chemist
Boston Fire Department
115 Southampton
Boston, Massachusetts 02118
Richard Duffy
Department of Research
International Association of Firefighters
1750 New York Avenue N.W.
Washington, D.C.  20006
Donald D. Flinn, Gen. Mgr.
International Association of
Fire Chiefs
1329 18th St. N.W.
Washington, D.C.  20036
David Gratz
General Manager
IAFC Foundation
1329 18th Street, N.W.
Washington, D.C.  20036
Mr. John Krasny
National Bureau of Standards
Technology B-22
Washington, D.C. 20234
Abraham L. Lastnik
Department of the Army
U.S.  Army - Natick Research and
Development Command
Natick, Massachusetts 01760
Robert D. Mahon, Chief
Protective Equipment Section
NIOSH
4676 Columbia Parkway
Cincinnati, Ohio 45266
Laurie Rosen
Department of the Army
U.S.  Army-Natick Research and
Development Command
Natick, Massachusetts 01760
Thomas Seymour
Senior Program Engineer
Civil and Fire Protection Engineering
OSHA
Department of Labor, Room N 3463
Second and Constitution Avenues,
N.W.
Washington, D.C.  20210
Michael Smith
Department of Research
International Association of
Firefighters
1750 New York Avenue, N.W.
Washington, D.C.  20006
Bruce T eele
Fire Service Specialist
Public Protection Association
470 Atlantic Avenue
Boston, Massachusetts 02110
k
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improved human engineering design. These improvements were to be provided at a
reasonable cost and within a reasonable time frame. Using the systems approach, the
program was to produce more meaningful results, because each piece of equipment
would be considered part of a totally integrated system. Operational compatibility
between the many functional elements that comprise the system would thereby be
ensured. In addition, wherever possible, multiple functions would be combined into
a single piece of equipment..
1.2 INTRODUCTION
This report documents Phase 1B of Project FIRES, a systematic approach
toward the development of improved protection for structural firefighters. The
system will protect against such hazards as heat, flame, smoke, toxic fumes, moisture,
impact, penetration and electricity. It will also afford improved firefighter perform-
ance through increased maneuverability, lighter burdens, and improved human engin-
eering designs. Phase 1A, which was completed in September 1977 led to the prelim-
inary design of a prototype protection system. Phase 113, the subject of this report,
-	 the development phase, consisted of the design, fabrication and qualification testing
of a prototype protection system. Phase 2, the last phase of the program, comprises
the field testing and evaluation of the system, resulting in an economical, fully ac-
ceptable ensemble and finalized specification.
1.3 TECHNICAL APPROACH
1.3.1 Phase 1A
The technical approach undertaken for the completion of Phase 1A consisted
of four tasks. The first task was to establish firefighter protective requirements and
prepare equipment performance criteria and standards. In this task, firefighters' pro-
tective needs were defined along with the test methods required to evaluate whether a
particular piece of gear met these needs.
The second task was to evaluate existing turnout gear against performance
criteria and standards developed in Task 1. Protective helmets, eyeshields, coato,
pants, gloves and boots were procured and tested. Judgements were then made as
to how well present equipment protects the wearers and what areas of existing gear
require improvement.
The third task was the design and construction of a breadboard model of a
Technology Demonstration Ensemble (TDE) . The TDE is a firefighters' protection
1/1-5
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system comprised primarily of the most advanced concepts, materials and equipment.
Its purpose is to determine how close technology can come to fully meeting firefighters'
protective needs when cost and availability are not a faptcr.
The fourth task was the preliminary design of 0 prototype protective en-
semble. In this task, the lessons gained by the first three tasks were used to produce
a preliminary design of an improved protection system which could be developed within
the next two years and which could be marketed at prices not greater than 25% more
than current equipment.
A more detailed discussion of the technical approach and results for Phase
IA are found in the five-volume Phase lA final report for Project FIRES dated Decem-
ber 1978.
1.3 , 2 Phase iP
The technical approach undertaken for the completion of Phase 1B consisted
of four tasks. The first task was to finalize the design of the prototype protective
ensemble. In this task Grumman worked closely with industry and the URC to
finalize the technical details and thc= specific configuration of the prototype protective
ensemble. The conclusion of this task was a critical design review at which time the
finalized design was approved by the NASA, the USFA, the URC, and the TAG.
The second task was the fabecation of eight prototype protective ensembles;
five were to be used for qualification testing and three were set aside for delivery to
the NASA and the USFA. Three prototypes were constructed with outer shells
fabricated out of a 50050 blend of Kevlar and Nomex, while the outer shells of the
remaining garments were constructed of polybenzimidazole (PBI) . The ensembles were
made in two configurations; a short jacketed bib pants version and a three-quarter
coat regular pants version. Both ensembles are described in the brochure presented
in the Appendix.
The third task was the performance of qualifeation tests on the individual 	 I
prototype protective ensemble subsystems and the complete ensemble. The purpose of
the tests were to determine how close the prototype comes to meeting the requirements
of the Protective Ensemble Performance Standard (PEPS) and more importantly to
determine the capabilities of the prototype.
1/1-6
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The fourth task was the preparation of a purchase specification for the
new protective ensemble. The specification which is to be used by members of the
fire community was base": upon the results) of the qualification test performed on the
prototype ensemble, thereby assuring a design which can be manufactured.
A more detailed discussion of the results of Phase 1B of the project is
presented in Section 1.4 of this volume.
1.3.3 Phase 2
The technical approach planned for Phase 2 consists of four tasks. The
first task will be the fabrication of field test protective ensembles. in this task, a
representative group of fire departments will utilize the purchase specification
developed in Phase 1B to procure equipment from equipment manufacturers.
The second task will be the field test and evaluation of the protective en-
sembles. The ensembles procurred in Task 1 will be subjected to the normal everyday
use of current protective equipment. Data will be collected as to equipment perform-
ance.
In the third task, the information gathered during the field test will be in-
corporated into a revised edition of the purchase specification.
The fourth task will be to release the revised purchase specification to
the firefighting community and industry.
1.4 RESULTS
A detailed report on the results of Phase 1B of Project FIRES is found in
the remaining volumes, that comprise this report:
• Volume 2 - Protective Ensemble Performance Standards
"Goals for Firefighter Protection"
• Volume 3 - Prototype Protective Ensemble Design
Development Report
• Volume 4 - Prototype Protective Ensemble Qualification
Test Report
1/1-7
I
1The following paragraphs provide summaries of the content of each of the
above four volumes:
1. Q.1 Volume 2 Protective Ensemble Performance Standards
Volume 2 of this report is the Protective Ensemble Performance Standards
(PEPS), Revision E. This volume contains the latest set of performance requirements
and test methods that were developed for a firefighters' protective system. It is
based on actual firefighter needs and sound engineering judgment and not on the
availability of materials and equipment. Wherever possible, the standard makes use
of terminology used by firefighters and protective equipment manufacturers, because
they are groups for whom the document has been prepared. However, an exception
has been made in that the common terminology for protective equipment, helmet, face
shield, coat, boot, and glove has been replaced by generic terminology as follows:
Head /ear protection
Face/eye protection
Torso/limbs protection
Hand /wrist protection
Foot /ankle protection.
This has been done to encourage the systems approach and the development of equip-
ment that is functional rather than traditional.
Table 3 is a summary of the PEPS. Requirements for each of the generic
groups are presented for criteria which fall into four categories: protection criteria,
performance criteria, comfort criteria, and service criteria. It should be noted that
the PEPS itself discusses test methods for each applicable criteria, but for the sake
of brevity, these are not summarized in the table. The requirements have been stated
wherever possible in tersx^'i of the actual environment faced by the working firefighter.
Subsequently, they are translated into engineering terms where feasible. For example,
the first line of Table 3, "head /ear impact protection," specifies that the level of pro-
tection should be provided "when hit by a brick falling four stores." In the body of
the PEPS, this requirement is subsequently presented in engineering terms as "impact
of 152 ft-lb ."
1/1-8
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C 1.4.2 Volume 3 - Prototype Protective Ensemble Design Development Report
Volume 3 of this report contains the information that was used in the Critical
Design Review during Phase 1B. The report is divided into three parts as follows:
• Part I - Description of Prototype Protective Ensembles.
This section includes a description of each of the subsystems that make up
the protective ensemble along with design selection rationale. An appendix
with supporting technical data has also been provided.
• Part 11 - Engineering Drawings for Prototype Protective Ensemble
Included are a set of detailed engineering drawing which were used to fab-
ricate the prototype protective ensemble described in Part I.
• Part III - Specifications for Prototype Protective Ensemble.
The specifications presented were developed using the requirements and test
method of the Protective Ensemble Performance Standard (PEPS) as a guide.
However, in those areas that could not be satisfied by the prototype ensem-
ble, the specification conforms to the capabilities of the prototype rather
than the requirements of the PUPS .
1.4.3 Volume 4 - Prototype Protective Ensemble Qualification Test Report
Volume 4 of thin report contains the results of the evaluation of the prototype
protection equipment developed during Phase 1B. Results are based upon tests that
were either conducted during Phase 1A, Phase 2B or manufacturers data. Require-
ments used for the qualification tests were based upon and in most cases are the same
as those requirements specified in Revision E of the PEPS. A summary of the test
program is presented in Table 4. Included are brief descriptions of the requirements
for the PEPS as well as the Qualification test, the test method, the test apparatus,
and the results of the test.
1.4.4 Industry Briefings and Prototype Protective Ensemble Descriptive Brochure
A series of three industrial briefings were held at the conclusion of Phase 1B.
The briefings were in Los Angeles, Ca, New Orleans, La, and New York, NY. The
purpose of these briefings was to familiarize the firefighters protective equipment
industry with the goals, status and future of the Project FIRES program. As part
of the presentation, a brochure which describes the prototype protective ensemble
was distributed. A copy of this brochure is included in the Appendix to this volume.
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